Five-gram samples (dry weight) of soil were amended with 1.5 ml (0.02 g [dry weight]) of anaerobically digested sludge to a final moisture content of ca. 30%. This represents the average sludge loading rates routinely used on agricultural soil in Pima County, Ariz. Sludge was thoroughly mixed with each soil by using a flame-sterilized metal spatula. The amended soils were covered and allowed to stand at 4°C for 2 h to allow adsorption of viruses to soil.
Viruses were eluted from sludge-amended soils with 50 ml of 3% beef extract (Beef Extract V; BBL Microbiology Systems, Cockeysville, Md.) buffered to pH 7.0 with 7.3 g of Na2HPO4 per liter (EM Science; EM Industries Inc., Cherry Hill, N.J.) and 1.1 g of citric acid per liter (Mallinckrodt, St. Louis, Mo.). The suspension was adjusted to pH 7.0 as needed and stirred continuously for 30 min on a magnetic stirrer. The soil was subsequently separated from the eluent by centrifugation at 15,300 x g for 30 min (JA-14 rotor; Spinco Division, Beckman Instruments). The supernatant was decanted into sterile lowspeed plastic centrifuge tubes (Costar, Cambridge, Mass.) and stored at 4°C (for a period not exceeding 24 h) until treatment to remove PCR-interfering compounds and subsequent PCR analysis.
Further treatment of the eluate from each soil sample was necessary to remove substances that were inhibitory to PCR.
This was determined when samples were seeded with 103 PFU of poliovirus type 1 and subjected to reverse transcription and 30 cycles of PCR. After failure to obtain an amplification product after 30 cycles, the product from the first reaction was reamplified for an additional 30 cycles using fresh reagents (double PCR). Despite using double PCR, no amplification was observed as determined by agarose gel electrophoresis. A method based on size-exclusion chromatography and ionexchange chromatography (1) was used to remove compounds inhibitory to PCR. Sephadex G-50 (DNA grade medium; Pharmacia, Piscataway, N.J.) was equilibrated in 1 x Tris-EDTA-NaCl (10 mM Tris-Cl, 1 mM EDTA, 100 mM NaCl [7] ) buffer, pH 8.3, overnight and then autoclaved. After the mixture was allowed to cool to room temperature, spun columns were prepared by using sterile 1-ml tuberculin syringes. The needles were discarded, and the bottom of the syringe was plugged with an autoclaved chemwipe that had been aseptically cut into strips (1.5 by 1.5 cm) (Kimwipe EX-L Brand; Kimberly Clark, Roswell, Ga.). The syringes were filled NOTES with the G-50 slurry, placed into 15-ml conical centrifuge tubes (Becton Dickinson, Lincoln Park, N.J.), and centrifuged at 400 x g for 5 min in a fixed-angle rotor in a bench top centrifuge (International Equipment Co., Needham, Mass.). The partially dehydrated beads occupied a volume of approximately 1 ml. The excess buffer was removed from the bottom of the centrifuge tube with a sterile pipette. Fifty microliters of sample was carefully pipetted onto the column, and the beads were allowed to expand around the sample for 10 min. The columns were spun at 400 x g for 10 min. The liquid (ca. 50 plI) was collected and then loaded onto a syringe column containing1 ml (0.3 g [dry weight]) of sterilized Chelex-100 (Bio-Rad Laboratories, Richmond, Calif.). Chelex columns were prepared by directly loading the resin into the column and centrifuging until the final volume was 1 ml. The sample at the top of the column was stirred into the resin with a sterile micropipette tip until the resin was saturated with the sample.
The columns were allowed to stand for 30 min at4°C and then spun at 400 x g for 10 min. The liquid (ca. 50pu1) from the Chelex column was then used for PCR experiments.
We used the primer sequences, reverse transcription, and the PCR protocol described by Abbaszadegan et al. (1) for all PCR experiments. The primer sequences (upstream and downstream external primers) were derived from conserved sequences in the 5' end of the noncoding region of the enteroviruses within a 149-base segment (bp 445 to 594). These primers are specific for all three strains of poliovirus, coxsackievirus, Al, coxsackieviruses Bi through B6, and seven strains of echovirus. Other RNA enteric viruses including bovine and porcine enteroviruses, rotavirus, and hepatitis A virus are not amplified using this primer set. Additionally, a downstream 20-mer primer internal to the flanked 149-base segment (bp 531 to 550) was used with the upstream external primer to conduct seminested PCR. Seminested PCR is an alternate procedure to Southern hybridization confirmation of PCR products. It uses the same primer as for Southern hybridization and the upstream external primer from the amplification of the 149-bp target. Amplification products from the 149-bp reaction are then subjected to an additional 30 cycles of PCR with fresh reagents and the new primer pair. When this product is amplified, the expected size of the fragment produced is 105 bp. Seminested PCR was performed on the indigenous virus samples of sludge origin and controls to increase sensitivity and confirm the presence or absence of enteroviral RNA sequences. For seminested PCR, a master mix was made which contained, in final concentrations in double distilled water, 1 x PCR buffer (10 x buffer containing 500 mM KCl and 100 mM Tris-Cl [pH 8.3]), 2.5 mM MgCl2, 200 ,uM deoxynucleotide triphosphates, primers (upstream external primer from the 149-bp reaction and internal downstream primer) at 50 pmol each, and 2.5 U of AmpliTaq DNA polymerase (Perkin-Elmer; Norwalk, Conn.). The master mix was dispensed into autoclaved 600-,ul microcentrifuge tubes (99 p.1 per tube), and 1 p.l of reaction products from the first 30-cycle PCR reaction was added to the appropriate tube containing the fresh reagents. Thermal cycling conditions were identical to those of the previous 30-cycle PCR reaction described by Abbaszadegan et al. (1) . The PCR products were separated by electrophoresis on a 2% agarose gel (FMC, Rockland, Maine) for 2 h at 100 V.
The gel was stained with ethidium bromide for 30 min, and products were visualized via UV transillumination.
Removal of PCR inhibition from the 10 sludge-amended soils was tested by seeding a 1,000-,ul aliquot of the beef extract eluate from each soil sample with 103 PFU (10 pI) of poliovirus type 1. These seeded samples were then treated using Sephadex and Chelex as previously described. Then, a 10-,ul volume Because viruses were originally present in the sludge used to amend each of the soils, unseeded but treated samples were screened for indigenous enterovirus sequences (Fig. 2) . Posi No amplification was observed in any of the five boiled sample controls (Fig. 3 ). Ward and Ashley (11) and Yeager and O'Brien (12) reported that heat inactivation of enteroviruses is caused by conformational changes in the protein coat. The RNA is then ejected from the capsid, and the free RNA is hydrolyzed. Our results agree with these findings, based on the negative amplification results through 60 cycles of PCR. It was unlikely, based on the work of Tsai and coworkers (10) , that the free nucleic acids were removed by the Sephadex and Chelex treatment. These investigators used Sephadex G-200 to purify crude nucleic acids from bacterial cells.
Combined use of Sephadex G-50 and Chelex-100 successfully removed compounds present in beef extract eluates from sludge-amended soil that inhibited PCR detection of enteroviruses. With this treatment method, no organic solvents such as Freon and phenol-chloroform were needed, thus eliminating the problems of waste disposal of these chemicals. In addition, elution of viruses from soil, treatment of the beef extract eluate by Sephadex and Chelex, RNA PCR through seminested PCR, and product visualization were completed within 24 h.
Positive amplification results indicate a presumption that enteroviruses are present in a sample, but the concentration of these potential pathogens and the ability of these viruses to infect suitable hosts must be verified by tissue culture. Sensi- ple such as sludge-amended soil and PCR and/or Southern hybridization fails to detect these pathogens in the same sample, the use of these molecular techniques for rapid detection of these environmental pathogens is questionable.
In conclusion, PCR may become a rapid and useful presumptive test for the detection of human enteroviruses in sludge and sewage-laden soil samples. If viruses are detected by PCR, officials can then determine if viability testing using cell culture techniques is required to assess risks to the public from exposure to these pathogens.
